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TITLE 

PROJECTOR FOR PORTABLE ELECTRONIC APPARATUS 
BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a projector, and in 

particular to a projector disposed in a portable 
electronic apparatus . 
Description of the Related Art 

MEMS technology is applied in many common apparatus 

10 or electronic products. The DMD (Digital Micro-mirror 

Device) produced by TEXAS INSTRUMENTS is a reflection 
device used in projection apparatus. The technology 
applied in DMD is DLP (Digital Light Processing) . The 
DMD comprises many micro-mirrors, arrayed in a grid, each 

15 reflecting a light beam to form a pixel on a projection 

plate. The DLP has a three-color light source (red, 
green, and blue) which emits three colored light beams.. 
The color light beams contact the micro-mirrors 
alternatingly, controlling the number of light beams 

20 reflected to the projection plate to represent the 

brightness and color of pixels, composing a complete 
full -color image. 

Conventionally, the DMD is used in overhead 
projectors. However, since the DMD is a small device, it 

25 can be applied to a portable electronic apparatus like 

mobile phones or PDA, providing a small, convenient 
portable projector. 
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However, even though pixels may be dark, the 
projection light source emits the same quantity of light 
for each, despite the micro-mirror not reflecting the 
light to the projection plate. Thus, energy is wasted. 
5 Projectors utilizing DMD technology, if applied in a 

portable electronic apparatus, use excessive energy, 
creating a serious problem. 

SUMMARY OF THE INVENTION 

For this reason, there is a need for an energy - 

10 saving projector for portable electronic apparatus. 

The projector according to the invention comprises a 
projection light source, a first digital micro-mirror 
device, and a second digital micro-mirror device. The 
projection light source emits a projection beam toward 

15 the first digital micro-mirror device. The first digital 

micro-mirror device reflects the projection beam to the 
second digital micro-mirror device. A first micro-mirror 
on the first digital micro-mirror device is rotated in a 
horizontal direction to adjust the horizontal position of 

20 the projection beam. The second digital micro-mirror 

device reflects the projection beam from the first 
digital micro-mirror device to a projection plate. 
Second micro-mirrors on the second digital micro-mirror 
device are rotated in a vertical direction to adjust the 

25 vertical position of the projection beam. 

The present invention uses less energy than the 
conventional design, and thus, can be applied to a 
portable electronic apparatus like mobile phone or PDA, 
enabling convenient, portable projection of images. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood 
by reading the subsequent detailed description and 
examples with references made to the accompanying 
drawings , wherein : 

Fig.l is a schematic diagram of the present 
invention; 

Fig. 2a is a schematic diagram of a micro-mirror of 
the present invention; 

Fig. 2b is a schematic diagram of another micro- 
mirror of the present invention; 

Fig. 3 is a schematic diagram of the projection 
light source; 

Fig. 4 is a block diagram of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

As shown in Fig. 1, the present invention comprises 
a projection light source 100, a first digital micro- 
mirror device 110, and a second digital micro-mirror 
device 120. The projection light source 100 emits a 
projection beam toward the first digital micro-mirror 
device 110. The first digital micro-mirror device 110 
reflects the projection beam to the second digital micro- 
mirror device 120. A first micro-mirror 111 on the first 
digital micro-mirror device 110 is rotated in a 
horizontal direction (with respect to a y axis) to adjust 
the horizontal position of the projection beam. The 
second digital micro-mirror device 120 reflects the 
projection beam from the first digital micro-mirror 



Client's ref . : A91123 

File: 0535-8456 US/f /Lemon 

device 110 to a projection plate 130. Second micro- 
mirrors 121-12 5 on the second digital micro-mirror device 
120 are rotated in a vertical direction (with respect to 
an x axis) to adjust the vertical position of the 
5 projection beam. 

The first digital micro-mirror device 110 comprises 
a first chip 116 and the first micro-mirror 111. The 
first micro-mirror 111 is disposed on the first chip 116. 

The second digital micro-mirror device 120 comprises 
10 a second chip 126 and the second micro-mirrors 121-125. 

The second micro-mirrors 121-125 are disposed on the 
second chip 126. 

The projection light source 100 can be a laser. The 
projection light source 100 and the second micro-mirrors 
15 121-125 are disposed on the second chip 126. The first 

chip 116 has an opening 112. The projection beam can be 
projected to the projection plate 13 0 through the opening 
112 . 

As the projection beam contacts the first micro- 
20 mirror 111, it is rotated to direct the projection beam 

to the second micro-mirrors 121-12 5. As shown in Fig.l, 
when the first micro-mirror 111 directs the projection 
beam to the second micro-mirror 123, the second micro- 
mirror 123 reflects the projection beam to an area C on 
25 the projection plate 130. When the first micro-mirror 

111 directs the projection beam to the second micro- 
mirror 121, the second micro-mirror 121 reflects the 
projection beam to an area A on the projection plate 130. 
Similarly, when the first micro-mirror 111 directs the 
30 projection beam to the second micro-mirror 122, the 
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second micro-mirror 122 reflects the projection beam to 
an area B on the projection plate 130. When the first 
micro-mirror 111 directs the projection beam to the 
second micro-mirror 124, the second micro-mirror 124 
reflects the projection beam to an area D on the 
projection plate 130. When the first micro-mirror 111 
directs the projection beam to the second micro-mirror 
125, the second micro-mirror 125 reflects the projection 
beam to an area E on the projection plate 130. 

The second micro-mirrors 121-125 are rotated in a 
vertical direction (with respect to the x axis) to adjust 
the vertical position of the projection beam. Thus, by 
the rotation of the first micro-mirror 111 and the second 
micro-mirrors 121-125, the present invention can project 
the projection beam at any point on the projection plate 
130. By the projection light source controlling the 
brightness and color of the projection beam, the 
projection beam produces a complete image after fast 
scanning of the entire projection plate. The first 
micro-mirror device, the second micro-mirror device and 
the projection light source can be packaged into a single 
IC device by IC package process. 

As shown in Fig. 2a, the first micro-mirror 111 is 
formed on the, first chip 116. The first micro-mirror 111 
has a pivot portion 210. The first chip 116 further has 
electrodes 231, 232 and pivot recess 220. The pivot 
portion 210 corresponds to the pivot recess 220. 
Applying electricity to the electrodes 231, 232 rotates 
the first micro-mirror 111. Thus, the path of the 
projection beam is controlled. The rotation range of the 
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first micro-mirror 111 is 10° , comprising 5° toward the 
electrodes 231 or 232 respectively. 

Fig. 2b shows another kind of example of the first 
micro-mirror 111. The first micro-mirror 111 is formed 
5 on the first chip 116. The first micro-mirror 111 has a 

pivot portion 310. The first chip 116 further has an 
electrode 331 and a pivot recess 320. The pivot portion 
310 compares with the pivot recess 320. Applying 
electricity to the electrodes 331 rotates the first 
10 micro-mirror. Thus, the path of the projection beam is 

controlled. The rotation range of the first micro-mirror 
111 is 10°, such that an included angle between the first 
micro-mirror 111 and the first chip 116 can be no more 
than 10° . 

15 The first micro-mirror 111 and the second micro- 

mirrors 121-125 are the same in structure, such that 
integration in the structure disclosed is enabled. 

As shown in Fig. 3, to illuminate a colored 
projection beam, the projection light source 100 

20 comprises a first color light source (red light source) 

430, a second color light source (green light source) 
420, a third color light source (blue light source) 410 
and a prism assembly 440. The first color light source 
430 emits a first color beam (red beam) 432. The second 

25 color light source 420 emits a second color beam (green 

beam) 422. The third color light source 410 emits a 
third color beam (blue beam) 412. The blue beam 412 
reaches the reflector 411 and is reflected to the prism 
assembly 440. The red beam 432 reaches the reflector 431 

30 and is reflected to the prism assembly 440. The green 
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beam 422 reaches the prism assembly directly. The prism 
assembly 440 combines the red beam 432, the green beam 
422 and the blue beam 412 as the projection beam 450. 
The color and brightness of the projection beam 450 are 
adjusted by controlling the brightness of the red beam 
432, the green beam 422 and the blue beam 412. The 
projection light source 100 (comprising the first color 
light source 420, the second color light source 410, the 
third color light source 410, the prism assembly 440 and 
reflectors 411,431) can be directly disposed on the 
second chip 126 or on a single device (a third digital 
micro-mirror device 400) . The third digital micro-mirror 
device 400 can further be disposed on the second chip 
126. 

As shown in Fig. 4, the present invention can 
further comprise a controller. The controller connects 
with the projection light source 100, a first digital 
micro-mirror device 110 and a second digital micro-mirror 
device 120. The controller controls the switch of the 
projection light source 100 and the orientations of the 
first micro-mirror 111 and the second micro-mirrors 
121-125 . 

The present invention efficiently uses only the 
light supplied by the projection light source. When the 
present invention displays a dark pixel, the projection 
light source is disabled rather than reflected away from 
the projection plate as in the conventional design. 
Thus, the inventive projection light source uses less 
than 0.5w, considerably less power than the conventional 
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design, such that the present invention can be applied to 
a portable electronic apparatus like mobile phone or PDA. 

While the invention has been described by way of 
example and in terms of the preferred embodiments, it is 
5 to be understood that the invention is not limited to the 

disclosed embodiments. To the contrary, it is intended 
to cover various modifications and similar arrangements 
(as would be apparent to those skilled in the art) . 
Therefore, the scope of the appended claims should be 
10 accorded the broadest interpretation so as to encompass 

all such modifications and similar arrangements. 
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